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(54) SEMICONDUCTOR DEVICE AND ITS MANUFACTURING METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method for 
forming a silicon oxide film, a silicon nitride film, a silicon 
oxynitriding film and a high dielectric constant oxide film, 
which do not depend on a silicon plane direction, are 
uniform and high quality, and are excellent in electrical 
properties, on a silicon surface at about 500** or lower. 
SOLUTION: In a film formation method of a 
semiconductor device including a plurality of silicon- 
based transistors or capacitors, hydrogen exists in at 
least a part of the silicon surface previously. After the 
hydrogen is removed by exposing the silicon surface to 
plasma by a first inert gas. plasma by a second inert gas 
and a mixture gas of one or a plurality of kinds of 
gaseous molecules is produced. As a result, a silicon 
compound layer containing at least a part of elements 
constituting the gaseous molecules is formed in a 
surface of the silicon base. 
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*m#^aA<®SS»m-C?1 Ol1/cm2jUT 
vX^i:, *!BSv''Ja>Sffi±l=J^fie**lfcS2<D-> 

xf=i|ist*: > ^ 'J mmn & o r . 

MB^ 1 *J,fc l^B 2 ©-> 'J 3 >^b^!|^!lB<0=&>!^ Itil^'Ef < 
■ei oiVcm2jaT-eftSc£$«afr«*s<*^ 

So 

x^^*^. 7Km^*MA<SffiS8i^-e 1 oii/cm2j,:i 

TO->y =1 ><b^«sHA<JK«**l. 
I»««4l IfrlE^Stt^xii, r^urfv (a r) . 

^^'J-^h^ (Kr) . ^-feyv (Xe) (O 5 t.tO'Jf < 

1 1 1 a-cfe-s sttfiuirf .sis^:® 1 ~ 3 fl)LN-r*i 

<»:1#*f;^i=*€.IB2a):^5X7$JKfi8L. mt&mzo) 
•tS7Em©'>^f < t =fc-S»^#t;-> 3 >1b^1^@ ^ 

[iSa?Sioi filE->'j3>affi(*, (ioo)ffi<fc 



[Sl*«1 11 fItEi>'J=i>S®l*, (111)®<fc 
y ft * w i: ^ ttffl t ^ 9 gESS<D#®t*:gS<DS 

[s*3®i 21 mn'>')^>mm\t, ^arosftofc 

[is*«i 31 sniB^stcoMftofciBaffiii. 3g^^» 
gi»*iFfifc-r«ci:*i^eai:-rssi*3ai ziRWio^m 

im^m 1 4 1 ^tBi> y a #ieai/ y a > 

*t*^-:®fBS<Difi^»:SS©Sjt^ai. 
[a*«i5l |i!fE5/y3>a®i*, r^7U:7TX-> 

y 3 >a® -e fe-5 c t ^ 4#0S <t -r sig5}?ii 5 ~ 8 © 3 

[Sr*3® 1 6 1 frffim 1 <o^7Sftiiyi.:si.if^Km 2 o 
^5St4**xii. L>-r*it.7';u3*> (Ar) ■:7y:^ 

K> (Kr) :tfXS3<ki;4r-b>' > (Xo) *'XJ;y!tf-5 
»J:yS«$*V'5'>'S;< tt 1i|icO**X-CfeSwi:£!^ 
ai:-r-5S*^5~1 5<Ddi&, t^•r*1.3!)^-«SB«S©* 

[IS^S 1 7 1 fJIEm 1 <d:i= jStt:^-X t MIBIb 2 <©:f 

IiS*« 1 8 1 MBS 2 <p:i^att:tf Xli^7 y h > 
(Kr) ^X^yfty. fFlBSH*»^(*Kig (02) » 

^.fe y tc y . »iiBi> y 3 ^ib^ieiis t lt -> y 3 >ikit 

*>. l^■r^^A^-:llBiE©#^«:?^S©Sjg*;i. 
[H*«i9l mizmz<oypsmii^it7JV^:y (.A 
r) *'x, X(i^7y::fh> (Kr) **x, xiir;u3-> 
y h>a);l^*'xt?fcy, BtitBa<*^i-7-i*T >^ 

-7 (NH3) (N2) »^F■4:*m (H 

2) »^tj:yncy. fifB->y 3>ib#tiJii L-c->y 
3 >^<bKA<JKJS^F*vi)Ci: ^!t#ejt-r^ig^«5 ~ 1 
7(D5*.. L^-r^^*^-IitB®cD*^»:SSO)iiig**, 
[a««2 0l l!r8BS2(»:T^Stt#Xl4TyHf> (A 
r) Xli<7y:fh> (Kr) iSX. 3lliT;U3-> 

t^7y:?h><D;S^**x-cfcy, 8!iiBm»:iJ^^i*Km 

(02) ^^tTV^-T (NH3) *fcli»fR 
(02) ^Ttmm (N2) JJ'^t^Ki^ (H2) ^J^^tJ: 

y^y, m^-yj^^it^^ist Lr->y3>K^<bE 

A<IKfi£S4l.SCt*t$ffl<!:^i)SI^«5~1 7©5*.. 
[SI3?^2 11 |lIIB|g1<D3f^XTfcJ:0:|tIIBm2<0 

r^s^m5~zoa)o*>. t^■r^^*^-«l^«E(ni^i©^* 
[K*3S2 2i ->y3>a®iuiBi©«fegfs*^>-L 
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ififiEv 'J 3 >affl«Sg 1 a)5pjStt*'x(=*siS 1 £d:/7 

ro;1^**XJCj:Sm2©:^^XTS}Kfi£L. lfrlEm2<D 
llJIBBiroJfe8KiLrJKfie-r-SxSi:*#t;ci: 
3 (D^;S1± iJ:x.iz^i>^3a)-f3X-7lzmL T tItH 'J 

teBS. fllBmaroiffi^IKi: LT^^)^E■r-5xSt^^t; 
Ar. KrfcJ:o:xeJ:y7tf-5af.feyMlS*i.-5>'>'ti:<<t: 

t ia<D#;^<ky«:*ct**#at-r-5si««2 3 8EK 

ISS^:S2 5] lfrfeiB2fcJ:U:|g4®:pjSt±^rxi*K 

r J: y y , atrial i *j * 2 ©$ft«Ki*-> y a >k 
<bK J: y <c s c t -r -6 2 3 2 4 fB 

[H*«2 6] fItE^2fcJ:o:^4©^jStt**;^(*A 
r K r J: y y . frlB% 1 <): C/S 2 (OlfeiilSliM 

itK*/:i*K^<tKJ: y c t *i#at-r*si««i2 

3 $f=li 2 4 IB6a>^€i«:^S<0£li§^^. 
[»3lt«2 73 fJffimifc<J:l/m2©:f^X-7l*. V 
-f ^^DaSlCj: yiaiS$;h.*^ t Sttatf -5IS*Ii2 2 

^. 

IK«:S 2 8 ] S«±'^<7)SteS-> y 3 VHXIiT-^ 
;u 7 T X -> y a >e $ iSttfB t f ^^l^St^SISoeiig* 

y 3 >B * y /j: -s i> y 3 >B ^ JB^-r •& t , 

«JIHv y 3 >Baffi* m 1 <o^S1±*';^(= J; * Xt 

icaauT, fiirie->y3>Bas<0'>/*< i:t-fiB(=sflE 



Ba®(=|iIfEa«:5^^$«lBe-r-57cm<D'><i:< <t: t-SS 
S^t?v y 3 ><b#1SiBSJKfifc-r6xSi: s^tc t * 

[a*I12 9] |ilfEIBia)^jS14*";^li. A r. Kr 
*5 J:U:x e * y <f ^» J; y Sl**i€)'>'tf < t 1 iia>*' 
:^J: y ^S:* C <S: ^i^fS t f SSi^« 2 8 %m(i>^^w& 

[|g*3@ 3 O ] «lIEm 2 <D^jStt**:^li K r J: y <t 

y > «affiig'>y 3 ><b^ii4isiii>y 3 >^<bK<fc y tt* 

C t. $!^{S t 2 8 2 9 IER<Di»i3|«:» 

[»S«I13 1 1 lfIffilB2CD^5Stt*-XI*A r *fcliK 

r J: y y . a«i8E>> y 3 >ib^i^Bi^sibS^t=ii^s 

IbKJ; y ^f* c i: *<}#ai:-rsi»«:« 2 8 2 9ffi 
[^^« 3 2 1 fllEsB 1 *5 J; 2 © XTIi, V 

-f □ arc <>: y Elie * ^ i: * t -r i. si*« 2 8 

~3 1«)5*», t>-r*i,*>-«IEtS©iliSi*SS<D8iJS;6r 
[0001] 

ic^lbii. ^Ibm, K^^biil|;!)<i^j£$tvt=#^t»:^S 

[0 0 0 2] 

[tt*<»ftfgi M I s (*H/$e^Bi/->y3» 

(0 0 0 31 C;h.f,(DS**ilfc-r^*-Klffi^E}KB6« 

0- cgsw-h<DSiftK<be^«*<fflL^p,^tT^fc. 
[ o o o 4 1 ifeKftxsi*, tt*. ^E-roiaxai: u-c^ 

fflL^fc^ft^^^7U^. ->y 3 >SB<D->y 3 >*ie^^^ 

*mT?*i4aur, •>y3>ss'^<o^«s®<bK}eja$tti 
«9L. ,=gjf<fS®s«-rsvy 3>sffi^. a>:ic^<s» 

K^bxS'vtiSAL-CL^^. IftSlbxS-ci*. coSffl 
l5ag7kmf*T;i'3-v (Ar) ^cifOT^jSit**xiifflaT? 
vy3>s(**#SLTu><iag-i?$?)6 0 0* cssKi 
±o:>ss-eBttSi-r«. i^y3>sso)^ibii, ^o^t^ 

8 0 0* CJUi-eKS^^^ftt^LttTK^^^SSAUfcH: 
[0005] fit*, :i<OJ:3<fS»K1bftl6$ffifflLT'> 

y 3 y 3 >»4bK* iB«Lfcs^, a»<fK 

1bK/vy3>l!i®!t$tt. K1bK<DffitEit#14. y— ?s 

35ittt'jfi:A<i#^*i*<»i*. affiA< (1 oo) mnm^ 
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[0 0 0 61 (100) ®)an(Dftb(7>ffi*a(CiB 

1 1) ©(cffirai-r-Si^je^vUa^^-eii. Sft^^bfitffi 
^^mLxi^*jz^>mtmi:mmLxt. doo) 

^^)Kll*<all^v'JI3>K<bK-el±w^^^^tt. v-<?m^ 

[0 0 0 71 ifi^icfcaNrii#®«:3ggcD±Mtt 
(Da* ^ [S)± * -tJ- ^ i^) (c:^ p gcD i> U a > O X - / \S 

CD;SfiSt1bt5(7>'>3S:l^iSat?<7). LA^tSSttcS14<D'> 
(*ffi^bJ£j£j$fi[a>SSf4>^^lc«-r'&lE<bA<:*:^<. :^ 

[0 0 0 81 z5Ltz. a*<Df»®1bxg(cfeit-2,PS 

^tlTt^So ?&:3&^t?t. ^Ba¥l 1 -2 7 97 7 3^ffl 

^— t'va:^;u • xu^ ha> • 7^/<-f -trX • s— 
V-y, 1 9 99 (Technical Digest of International 
Electron Devices Meeting 1999) , pp. 2 4 9 — 2 

■ "Sr-J?— • ^— /<— X (2000 Symposium on VLSI T 
echnology Digest of Technical Papers) . pp. 7 6 

-1 7 7icgBK<DtttB-eii. y^X-^^izyFTims^^t 

/^tt:^*X(c^^^^(DI^T-tt<b*a*0<Iir^7*:>-t±^ c t 
T*. lg^ttK^lcj;^i^';zj>a®<DK<b*lTl>tfcKM 

[0 0 0 91 c*ic>a>ftfBicj3t^ri*. =FStt**:^a>^ 
U^h> (Kr) <tKm (02) ;I^:^'Xlc^-f ^QJt 

fz. C<DKlbftfl|lwJ:4xtf (100) ffiiU^tDffeCDS^ 
[00 1 ol 



tctt*cD V ^ ^ □ Sta® ^5 X7 (c ^ V U a >K1bK 
J^fifcftffi-Cli. IS^«ffimo*SffifflLfcK^b*tTor 

ffifflLycf^K<bX§i:|^^§Jg<Dlim6<)!^14^:&T^v 
®lCfcL^T« 2 n mSSJ^JlTtDffilbHBS^e-r -5 y 3 

*-r. >r-h*6^K(D*^>tf^SIK<b*S*-r^Sttffi 

a*fflh^>vx Clonal*. tit*<Df»e^bEttWit[^« 

|::BlfT?feof=o 

[00111 h^>v^x^a)^^b^-^a)7h»v h+ 
^•;r;:iAa)^Siwj:-&=i>y^^>xa>se<b-v>. ':7^ 

y fi^iS Lfzm^^^jt mmizs c o r t ^ ^ <t l^ 5 

[0 0 121 ^CT**^B^Ii. JU±5li-<fc^§i^fl?*L 
[00 1 31 *:^B^(Dcfcya»:ft*)/cfPSli. 

^bttWlcft^:>^fiS::^^X^ffi^batB$g«-r'5c<»:(c 

[0 0 14] :$:»f^a)mo>mmt. &h>it>imi3^<r>'^ 

[0 0 15] ^f=:*:|6%li. A^A^'&1S2Sl?(0B;aH$eMfc 
[0 0 16] 

*m#*M*<ffi^ig»mT? 1 0l1/'cm2jaT-(?&-5C 

V 'J 3 ><b^«3B<D#>^ < i: tBrgro^JStt**:^ 
^-kH. *m^^M*<SSSlft^-C? 1 0l1/cm2)UT 

]@ 3 i=sBtt L f= J: a 1= , se± i=i^fie $ :Ky= v >j 
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1 Ol1/cm2)9lT©v'j3><b^14jS*<Kia**l,. |J 
(Ar) . <?>jyi-:y (Kr) . ^-fe^ > (Xe) «)5 

a<»SijS:*ife-efcor. ittE>> '/a SB i 

#^<*^®<DSilg*5i ic J: y . *fclilS*]S 6 (=fHK L 
J: y , *fc(*IS3R« 8 (clBK Lfc cfc 3 

fEKLfcj:5i=. «riE->y3>affii*, *«Si->y3> 
*3ai o(=E«Lfc*5i=, i98Evy3>asi*. (i 
*3r=, fUHvy uvasii, (111) sj:y<f^ci 

^ t^ai: ^*IS*« 9 iE«a)i|i««:»a«)SJg:Sai= 
cfcy, *f=l*iS*^1 2l=gESLfcJ:5(=. fIIE->y3 

ri>m^m 9 8Ea©i»isn*ga<DSii*a(= j: y . 

li§l*J®1 3r-fEKLfcJ:3lc. fllE^SUroS^fofciB 

sail. sg^^s^SEs^-T'Scir^i^at-r-ssi^is 
1 28Be(o^€{i:£aa>sit^^i=<j:y. -^tzimjitm 

1 4l=tBKLfcJ:-5(=, |illB->y =i>Sai*, §^^Si/ 

L^f*i3!)^-«ffiK<»*s<*sa©Sit*jt(=.fcy. 

*fcl4fil3t«1 5(CjE«Lfc<l:5l=, liFfBv'y3>Sffi 

14. 7'^;i'7r;^.->y =i>a®T?fe*wt^i#ai:-rs 

a^«5~8(0 5*.. t^-r*l3!)^-3®iEK©^«i^«:ga© 
Sit^9t(=J:y. *fcl*SS«3ei 6l=IHKLfc<k3l=. 
fllEm 1 ro^5St±**^&r/6!IIEIg 2(7>:fiS14A-xli, L^ 
-rtitryun'^ (Ar) ■9y:fh> (Kr) a^^, 
is^if=^-by> (Xe) **>t<fcy)S-s»,»:ys«*4x^ 



~i 5(D5*.. L^■r*lA^-«iBe<Difi^»:3^afl>Sjg3& 

5*1=* y, *fcl*K«3ai 7ir8B«Lfc*5(=, 

w^$i$st^-r-&si^xii eiEiitoiti^i^^acosit?^ 

9SI=*y. *fcl*IS««1 8l=fiEKLfcJ:3l=. 1ilffi« 

2(»:i^jSi±*-x(4-:7y:f h> (Kr) **xj;y^fy, 
fiEm<*5^^i*K3g (02) ^^^jiytty. lUfEv/yai/ 

{*^a<DSig^5i(=*y. ■^tz\nmm^ 9irtEKLfc 

J:-5I=. l5IBm2<D^jStt*->Mt7';ua-i/ (Ar) ii 

y.\t^*)yv-> (Kr) xi*T;i/=f>t^y 

3f h>«)jl^:tfXT?fcy, SfFlBat*:»^l*T>^-T 
(NH3) 55-^, *f=l*^m (N2) (H2) 
J: y y , MfiEv y 3 tyit^^mt LT'> y =1 > 
S1bKA<^ja*ii-&ciS^ai:-r*«*3g5~i 7<0 
5*.. L^-r*i.A^-aiEK©#^i*:SSroSiit:*5iicj: 

y, *fcliig^JS2 0(cfEKLfcJ:3lc. fllJtBI6 2(0^ 

att#;^i*7;u3> (Ar) *rx. y I- > (k 
r) xiiT-yud-vt-^ y 

y. |!IfiEa«:»^l*K^ (02) ^^t7>=e-7 (N 
H3) (02) ^^^4:^^ (N2) »^ 

.t?^^ (H2) ^^^<t<fey^cy, frfE->y=i>'ib^i|4!iB 

i: LTvy =ir/^M1bli*<»$ia*+i.5c:i:i&!f$eii:f ■£ 
iB*J® 5 ~ 1 7 (0 3 *. , L>-r*t 1 3S(=tEecO-Ni.^t*:S 
a<DSii*afelcJ:y, ^tzltmmmz ir=EKLfcJ:3 
ISIBIb 1 a):^5X-7fcj:t;fl!riBm2<D:/^Xv(4. 

v-f ^ □ J: y C 4: i£i|$ai:-r-S|g*^ 5 

~ 2 O © 3 * , t^-r+iA^-3SfBK©#®t*:3£g©fiit* 

,*l=J:y, *fclilS^Il2 2(=|EIILfc.fe3(=. vy=i 

>mm±tzm ^ o^mmntLxr^i&ttitz^S'i^mi^ >j 

l=KBE**tfcB2©|6JSK$^t;4r-V/<'>^' t 

«±i=fflxfc#s?tt:^^ y^s©SJi*jiT?feoT. fr 
IB'>y3>Sffi$IBi ©^att**;».icj:*mi ®:^5X 
LrfllEv y a >aB©'>s5: < i t-»l=^«># 
tt-r-STK^^t^^-r-Sxgi:. sR2a>:^m\t.ii7.t-m 
5i<i:L^ L(41taa^©a«:»^©;1&#:^l= 2© 
:^5X-7*}KfiKL, l»fiEIB2©::f^XT©T-e, iafiE-> 
y a >affil=8fIIBatt:»^ i&«ja-r«7cfR©'>)S < 4: t 
-SPS^t;->ya><b^iB!lJS$. SlfEmi ©ffi^Kt L 

Sig^atic* y , *fci*R«JS 2 3i=8Htt tfc* 3 1=. 

*P>lc, |5ItB^^S->ya>SaSm3©TiS14**X(= 
J: m 3 © X7 1=® L r gJIE V y a >Sffi©'> < 
t=fe-ffl(=^«)S«-r*7klg*(»*-r'5xai:. S4© 

^ as tt*';<. t -as/i l iisaa3s©a«:»^©s$ 

•7©T-C. a5IB^|ga'>ya>S®(::fIIBSltt:»^i£l8 
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fJffim2a>$fcjiK<5:LTJ^/iE-r^xSi:*^fcc:<t 
««ai:^«»*«2 2ffiKa)^««:SSG)Sig^a(r 
cfcU. ^tcliI»^iS2 4irfiBKLfccfc5l::. fJIBm 1 

*/cl«B*ti2 5irgBKL/c<*:3lC. HaiHB2*5cfc 
i;S4(D^JStt:^-xliK r cfcy?^c»:y. SIIHBlfccfcl/S 
2 a)l6«K(*^^ y 3 >K1bK<fe y 3S ^ c t -T 4 

y, *frl«fi«S2 6IC|BKLyccfca(C. |JlfBm2^J<fc 

i;iR4a):f5Si4#xiiA r *fciiK r cfcyjsy. «riBa 

t * r ^IS*^ 2 3 ^fcl± 2 4 IBSCD4i^«:^S 
<DSig:;^;ilCc*:y. ^/clilS3}cJl2 7lcIBKL^zJ:^ 

y iftS^ti^ c <t ^4#a<t ^-Sffi^Ii 2 2 - 2 6 CD 5 

t^■r*^A^-JIl^aa>^^^*Sat7)Sit:^;i(cJ:y. 

i> y =1 r x v y n >^ ^ ^Sttn -r ^ 

V y 3 >H*fci*T^;u7 T X y 3 i/Hcfc y jfe-s V y 
:^>m^mf&r^jLmt. «9iBvy a^sssssio) 

**a<t^^^^<*?gg<7)Sig:^;5fe(cj:y. ^fzitimm 

2 9lcIBl^Lyccfc5(r. laiBIg 1 A 

1 a©**:;^ J: y Jtp-s c <t * i#a t-r^&n^m 2 a ibkcd 

¥S<*SSa)Sig*;i(c^ y , *fcfiiS3Ril 3 O {ztm 
Ltz^oiz. MfiBm2<7):i^;S1±:tfXI±K rc*:y?i:y. Kr 

fH» V y 3 >ib^«3Hi*i/ y 3 >mim^ y c * 

t$a<i:-r^lfi3piS2 8^/cli2 9gBKCD4i^#(*SSOS 
it:&*ic^y, */cl«S*JS3 1lcffiKL/c,*:5(c. fj 
8Bm2(7):i^at±:tfXI*A r *fcf*K r cfey^fy. IJtlBi^ 

y 3 >it^^M\t^itm^tzitikmitm^ y c t $ 

ig:*;i(c<fcy. *fclilS*3®3 2|cSBKLfccfc5lc. |?i 
aHSl *>c>:t/|g2<D:/^X^I±. 'T^Onmz^i)m& 

*i*>-SIB«(Oi»iStt:SSa>Sl5&*;4(Zcfcy, «*-r 

ffli^/ca;f ^ V y 3 >mmoi^ y 3 >*js^^^ 



SflLfcS^CC. Ar. K r 3&^(7>:T^iStt*-X#Hm*lC 

*Jl^r vy 3 >s(**s^s-r-5iasrcfeit-&iij8Ea®» 
ag7Kmc;)SiHtt(c#or s^y 3 >s®(c3|iffltt(7)si5ib*<± 
c^c^t^MaiLfco *^/)^^^^y 3>s®a>2pfflttcD* 
it\t. 't*i\z&<mmitJLmf:f&tz^vt^^). v'y3 

y 3 >K<bK»ffilctelt-52Fatt(D*^b*± 

ta)<t%xb;a^o A^;5)^^i>y 3>/i>y =j>K<bK» 

©ic^bNt ^¥ai4a)sfe<bi*. y --c^ maicoitini^ l 
[0 0 171 t^^v^^o^^oa^^m&zr^x^iz 

«fc§S^y3>S^bKJ^fiRxS-c?l*. !»ffi<bxScOia&t 
l^^ic. BJ15ftSx^lcfca>r#^'V^'^*m^/jP7K^(D 

,*^t?vy 3>a®^$i5SL. e^y 3>s®(7)easK^b 

^«l*^Lr;!)^i^>:^^XvK^b^^ft^^^7oTl^-5o Lt^L 
z(o;itit. ■7>f <?pai:^^XvK<bxfii?iivy =j> 
(Da$ibii$?j4 o o* c^iso^a;s-c^T*:^tlrl^'S£7)T?. 

i>y 3 >ISDi$||5g LT l^^7K^liflttS1±-ra®^cSI'^ 
tc**-effiibXS7!)<ff*:>*trt>tcCi:SSi*-r-&o -Tte 
t:>*>*^B^(7>*B^#li. tt*<Dv>r^P?it3f^Xv^^b 
x|g-c(i. i^y 3>^^biI*ic:^M(c7Km/)<^?j|® L. ^ 
tL*<y— ^S5acoii*D-^/-t^*> h^-v yTiHtta),^^b<Dj^ 

[0 0 18] *«B.^lC,fc^iffi^|il^^S!l(D^®$|5g7K* 

^^y^miz^ixit. 3^^xvftis*;K€>^xy 3>a® 

Ba8Bi^y3>a®^a>|g2(D3f5XT(Ccfc-S»^blB 

-vi>M^bKfe ^ uMiK^ibj^?:*: ^cD i> y a >it^^mmf& 
xfiicstiEioT. mio:>*^X7ic<i:y«!iM-r'&ct(c 
cfcy. S®t02iiJlf4$s<b*ii'^ci)&:<. 400* c 

T":^^fl!fflLfcv>f^pa6:/5XvgS (wo9 8/'3 

33 62^'/>«#fig) i*:feffiS[ict>fcyia--e»FBiwic 
mz.hzti)<v^. v'y3>a®(cia«$#^-5ci:js 
[0 0 191 iy'jzi>m^(Dmmit^yi\±is:!^(onmt< 

aiM$^*!i>*<3S:y. ^yOA (He) . (N 
e) . ryi/3> (Ar) . ^y:fh> (Kr) . ^-fey 
> (Xe) (X»Illl:::3*d^-r'&o ff9^l*A r ^filffl Ltc^^^ 

xva)is&. »j8B-7-f ^pasae^f^x^sssffiffl-r 

;Kli>f :l->KBi^x:t^;u:¥:ii. v^ ^ paS/<9— 1 . 
2W/cm2-tf. a:^A<$?J13. 3Pa (lOOmTo 
r r) iUJiCDa^, «)7 o Vi^AT(C-r^Ci:3&<-e^'5o 
[0 0 2 01 ^:t>gBa*X^7U^*<7 o VlslT-CfeiX 

I*. s«a®>b<v/y 3>T?feort. ^fz^^izmmiz 



4$Ba 2002-261091 



r A!> X o *S«-r 4 d t A<»* L IV 

[00211 MIBS®»SS*3S*K!*-r€>fc4f)(D^,^tt 

iS<02fel=^ < xs-cffi^7*i.^ ^ jl«-r -5 =. t *<» 

[00 2 2] *f6W(=<ktlli. tt3lE©S»K1bX§-\^-7'f 
11Si±*^-r*i>'j3>ffi<tP$iKl4 0 0* c 

sffl<Dea-cj^^-rs::i:A<Rrfiit<fy. ->'j=i>^ib 

li. aS*l4g*mf»**ff5©lc«t3fe<OJ:d(c8 O O- 
C©*3<»:3aSI*iaS'S<. 5 5 0°C>JlT<D«aT?+» 

(0 0 2 31 *fc, *:«W(=<fe*ttf, ffi*tf=«tt> {i« 

$«j5oo* c)iiT(0(5St?s &e>f4>*S:firfeo)->'j 

(0 0 2 41 :*:SieS(cJ;:h.li, •>-\'a— hU>5^ 

-> y 3 >S<bK, -> y 3 >»^<bK3?*JKfiR-f -6 c: t A< 

( O O 2 5 1 J; SIfeJiKi*, P ^ ry -> 3. > ^ y 

[0 0 2 6] 

^fc, it UT< 1 1 1 >*lSj(rSJtElSJ-r-5iesa<fc 

y tSfiE^tt^^^Sv y 3 saa<f -> y 

3 >K<bK^ V y 3 >S<bK. V y 3 ^KSIbKS'/- 

si^js^-r^stjgsvy =1 > >vx^ ^ii3S-r -5 c 

i: *< Rifigic Jfe -5 . A* -6 -> y 3 > h ^ > v?X ^1 $ 



*5E««I1I»36^ SUSK-r 4 w 1 1 -e # * . 
[0 0 2 71 

(0 0 2 8] Ell*. :*:JBWT?ffit>*v«^2>7;i/^'f> 

[0 0 2 91 :*:|gS6JK©l=a3t^TI*. V'y3>a®0)* 
JKfiEX*it?-:^"5XTafi^Xt LTffi^5*i-5K r ^ffiffl 

[00301 *-r. K^SS (ffliSS) 1 O 1 (*J$S^ 

i=L. ^^z^^rrf—-^\^—Y■^o^^r^k>mio^~Arii7. 

1 O 1 133Pa (ITorr) flfi(= 

(o o 3 1 1 ;Air->y 3 1 o 3 lJDilft«4B^i# 
1 O 4 l=aE*. KfiOSffiS 4 O 0°CgSI=88 
S-rSo SllB->y3>S«1 0 3<0SSA<2 0 0-5 5 
0°C(OKBrt-l?&+iIf, )y.TI=a>'<-5iemi±l5i:Ayi*l^ 
«©ta)i:^d:i., S!IfB->y3>S«1 0 31*, EfifFOfiJ 

[003 21 1 O 5A^e.5^✓r7U5-^> 

XP-y hT>-X-M O 6l=S3KfaAt2. 4 5 GHz (07 

>XP hT'r/'T:^ 1 O 6 A>f.«a31M 1 O 1 <DSS<0— 

ffli=Ki+e.*ifc»iStt:«i 0 7*iiLr. «!iie«iaMi 
— h 1 ozt(^^mn9&mm^ o ^p^izm^^^*ltz 

K r**X*iafiL. ^■OJS*»JIE*>-V7— h 1 O 
^•?"f^aaSa)SiRS!tA<900MHzgSiaJi$?ii OG 

[0 0 3 31 01 <ot8J«(ctel,^Tv■^''7— ::^u— h i o 
^mi^tzyyx-rmm.^mi^xfumLtzmiTFLxi'^i, 

:f ^ X-7 * Bfi L T t J: U^, 
[ O O 3 4 1 fllBv y 3 1 O 3 $ K r i37.XmS 

$*vfc:^^X7(=ra-rci:i=j:y, iaiBvy3>s«i 



(8) 
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[0 0 3 5] B2liKFfBixiJ=i>S«i 0 3«Diir*5lt 

•e&y. sjfiE«aasi o 1 4>ic^.-f ^/nas* i 3 3 p a 

( 1 T o r r ) (Dff^T. 1. 2 W/ c m2<D/<'7— t? 

[0 0 3 61 0 2^#gS-r^(C. t)"^;!)^ 1 K r 

3f^XvRgS*-ee^iJ=i>-*iRie^(c!»faM«:*»t2 1 

0 O cm-1«'jfi<D3t?Rte;b<l5«tA/45:>BML. *?)3 0«?CD 

[0 0 3 7] ^felC. frSB^^Vr? — :fU— h 1 0 2/)xt,9 
7/3(7)5^aita)K r/02;l^:^'Xi&^A-r^o CCD 
tS. 5ft31Bl*3CDEE±lfi 133Pa (ITorr) SS(C 

-So 

[0 0 3 8] *ii)teCTTMi. ccomi^^mmo^iz^ij 

ib*<fi-t>*i. 8 0 0' c\ci±<omi^xisi^mm'&mt<^ 
mx^^tzt^. :$i%BM<D^i-v^mm{z^^mitmmv 

It. 4 0 0' Cfi]S(Dlf'aiciSL^;gST*K<bA<pl6fet?fc 

[0 0 3 9] mSiZ^ mmmf^(OK r/020EE*Jt* 
9 7/3 {Zj^n LOO. IfjSBtoS^ 1 O 1 P^(DiS:x.E.t! 

1 03a)S]S^400' ciciftSL, ^o»rA(Dmtm 
[0 0 4 01 0 3*#p.-r'5ic. mt^mmm^ o i p^cd 

IE 133Pa (ITorr) (DR^irStK^biSa 

o3a>m:^iiLt< (10 0) ^v&^m-^izm^ 
[004 1] mmommayi^ y 3 >Mitm:tmf&t^*ifz 

«7L. ^^(CK r/02;E^#X$A r *'X(CS»L 



[0 0 4 2] ui±a)K<bej^jaicfiiixr. saiJ^fiRx 
«igflij^/axg. ^K^i^^^sftsx^^^ifiLT h 

[0043] ±tEO^IiS-eJ^ia*;Kyci^y=i>K<bK* 
0*IR#^M*^S«Jtiii::cfcysiISL/c^C5. 3nm 
(DKHO V y 13 >ffi<bKlcfcl>T®®Stft^T* 1 0 12/ 

cm2ajs^T-c?&o/=o ^*lcy-^Bal*<'>^fl^K<b 

|g(c^5Lxr (*i>y =j >K^bKi*)a>7K^^*aii. ®sa 

0lVcm2gSiJJlT-efc'&Ci:3!)<{tS**t 
y=o K^bEfl^jacfllCK r 3f^X^(7)SS«^Tt>fe 

)!)^o/c^1bl^liffiffiSa»Tf 1 Ol2/cm2SSx.'&* 

[0 0 4 4] -bIBa>#^I!l-C}^^**ltci>y 3>K 

itmimm l »a> y ^ >a® t KibRff^jsido) y 

c 5. i> y a >asa)m*)!)<^ib ur l^^^:l^(7>3^)<^ts* 
*Lfco rtj:t>*>. »ag*s*»*LrffiibLfc»t?t''> 

[0 0 4 5] Ill4li. ±n(D^mvmm.t^fltziy^Jzi:y 

i^%ms^mi^xm-<fzta>xs>^o tztzLm^oi^m 

liixyzji/co (100) miz^i^x(Dtj<DX^^t<^ 

(100) mizmh>r«k(D:^i^Lxtmm<Dm^t<m^*i 

-So 

loo Aei mAOm^Xit. K r 4>(7)Kma)5>iE* 3 
*/c$a31^F^<Di£:^* 133Pa (ITorr) 

icKSL. ^5XMrK<b«iS*S«SS4 0 0' c-eff 

[0 0 4 7] |2l4*#RBf ^(C. vy =l>^ibiI*CDK 
L. vy=l>»<bESffiT?f*2x 1 0l1/cm2|ia(D 
y 3 >ffi<bK(*. TifecD^^y 3 >^®A^i^><D3§grA<4 n 

m3a±co««»::tet^rE*a)K raffiA<-s-c?. 

y =1 >S®;b^^(DS§^35)<4 n ml^XT<D^igl(C^UxT(ii> 

y =3 >/v y =1 >K^bigc7)#®ici^3!)No-c3a'>Lr u^-s 
[0 0 4 8] 0 51*. ±8Ea>#iiiit?*i^*ifcvy3>» 

^bg(coLxr. y-^m5itcOBi^iD^^«cS14$^f o 
f£L0 5(D«mii. vy 3>K1bKa>KIl3b<4. 4nm 

^c-^l^T. l^-EIS(DK^bKc7>y-^ll354$ttS^LT 
[0 0 4 9] H5$#gB-r-&(r. K r:f3X^^a}mS 

^rft>tfif>^ o fcia^cD V y =3 >K<bKcD y maittti 
I*. «t*a)Sfe^ibK<Dy--:7S53SH$tt^i^^T-fey. k 



(9) 
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r / o 2T ^ o XT ic -5 Kikiias ^ o T 
y }^nt^F*itc v»j 3 >ffi<bK<fc y ti^j-m^ic^it-s u 

-^m3t7b<2-3«fta'>L. I^«ica»^i:{5ij-^if$ 

tt^^LTl^'&c<^3^)<t)A^^o i^«(oy— >:7S5S?*tta) 

SkSI*. S?>ir5Si\i. 7 nmSa*-c?<DEIl<D->y =1 

[00 5 0] laei*. *|g)5fej^@ic<fc^i^v =»>^^bK 
a)y— :?SjS[4*1±i. «rEi^y=i>K<blS(DKJi$i6^b 

fcii^<Di/y=i>ffi<bE(Dy-^S3S*#tt*. 

fi. HiJlHK r :^5XT->^(0^S<7)^. M8HK r^OZ^ 

3 Xt(c<*: ^Sib^tf o fc*IISfe«iJI^® ic cfc y a > 

K^bi8(Dy-^BaE**tt*^-ro ^ffciae*. ■■e^-^- 

T^-'Jili. a•r?KM•r'5KS^bKlcol^rcDy-''27S5K 

[00 5 1 1 06*#HS-r^lC. OT?^-r. Kr:^^X 

T-NO^Sx*i^«BSLr3f^XT^^bx^-T?}f^/5£Lyc 
vy=»>sibiiia>y-^^5S*#tti*. A-c^-rf^^^bH 

ll6fl^aS(Cc*:^vy3>K<bK(Dy-'i7S35i»ttr±. o-e 
^t" y ^;7S*$ttlc^ L T 2 - 3 ffr 1 3S'> L T L^ (7) 

/)<^o*^^o *|gffiff^S(Ccfc^vy=i>SibKr* 

I*, mmi)<m^. 5nmt?fcort. Il**<2 nmCDSft 
K<bK(Dy-<7mi]ft(rErsi-r-5. i x i o-2A/cm2 

o y — C7 mss ^ns-c # ^ c <t 3b<^:)7ti^ ^ o 

[00521 *SlfiH^©l::J:y4#i^+iycvy 3> 

K<bK(roixT. vya>/S/ya>K1bKISiffi*effi 

=3>affi(-33t^r*, »1 X 1 OlOcm-2e V-l(7>|f« 

[0 0 5 31 ccDffe. wa^itt. ^n^v h4--vyrHtt. 

-S^'CCDSISSQBD (Charge— to — Broa 
[0 0 5 41 ±iaLfcJ:d(c, a®»fl»7K*$»*L-C 

*>^K r/oassg^f^xviccfcy vy =i>^<bxg 

*^T5Ci:T?, 400* CitL^dffiiaiCtjlxT*!. fe^ 

f4>'5>ffi:&(4a>vy a virSti^i: vy 3 >»<bK*l^fi£-r 
^»^(::<*:y^4bK*a)7K^^^aA<'>?t»:<?5:y. 



^bKrta>7cmcDSiL^s^;^)<'>^^<^^y. *fcK rt^^^n 
**t«ctircfcy. K4>-\?>s I /s i 02»ffl-c<Dx h 

> y =1 >K<bJg(DBa W4#ttA<:*:Blc»# * *tT -6 

[0 0 5 5] ^[z. mm^mt^niz^i^xy\^mm&^ ^ 

0l2/cm2l^T. a*L<fi1 0l1/cm2fi@[iaT(Z 
-r^Citi:. 5 X 1 0lVcm2lUTSS<7>K r ^^t; 

ci:^;b<, vy 3>K^blBa)SSlWi»tt. <iiBttW1*14 

(Dyimiz^^Lxi^^t<Dt^x,i^ix^o 
[0 0 5 6] :$:mM(omitm^m^r^tziibizit. m^ 

fi6<t■r^^IJ<7):^^XT:^a-^rxffl3SS^ffiffiLTt;^)^^ 
t>Ul\ fzt?L\t. T-f ^Qaticj;y ^if^XT^JEb^-r 

m*'XS«ctl3f «lfBSia):tfX»as«jttliaJS:* 
^2(7):^-x«rtl3«ig<h$«^tc2Sv^'7-::fu- hS! 
::^^XT:^Q-bxSg^i55 c i: t pJSfer^fe^o 
[0 0 5 7] 3jj:*>\ *ll«6J^©-cii. RTflicDKJiaj^^y 
=1 :>mtmtmf&tsMzt:i^x-7^<?u:&,/<r^-(Dm^ 

*rx£A r ^x^cs«LrK^bxs^^5x.rl^'5A<. «r 

fBT-Y<7 — ^iLA^^BtllC. 1 3 3 P a 

(1 To r r) mmzj^'otz^-^iy^'J — Zfiy—h 1 O 

vya>»^bH<Daffilc«jO. 7nma>^xiJa>S 

1bK$^^;aLr«l3l^$§x.Ttat^o c(D:^;iiCcfc*i(* 
asic V y =1 >^ibK7t)<j^ia* V y n >^^^bK/)< 
fsit>*i. cfcyat^Jtss^$:&t"^^6SK*f^$«"r'5c 

imzommrm) ^xiz^ zr^x-^^mi^tzi&'AvcDm 
itmBfAiz-oiyxi^^^o mitmmmiz\tm^ tmm(o 

[0 0 5 8] :^mmmm\z^i^x\t. v^mymv^^RU 
mitmmf&mofzibizA r ^tzitK r izf'yx^m&is 
Lx^m^^:zti}^eistjimitm^mm^^±xm 

[0 0 5 9] likTA ri^mLtzV^o-m^^-ro 
[0060] *-r. mmm) i o i m^u^ 

lzm%L. MZi^^^—yi^— h 1 O 2tf^ih/K r 
mXLXmm^^(DE,:hi ^ 3, SPa (lOOmTo 
r r) SSlcKSt-^o 

[006 1] itWI(DSfr«l31X8lC*5L^r7KlR»AP 

ytvy=i>Sffil O 3*«V31S1 O 1 *i::SAL. *0SSfe 
a«$l*ol««^1 0 4lcKiS-r-5o *^>(::KSa)Sfi 
S5 0 0* ceciftS-r-So ca>sa[;b<3 o 0-5 5 o* 

C(0®SF^-Cfe^3S^f*. MiT{Zj^^^mmt\t\^t/u 
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Lr. ffliSSWiC. 2. 4 5GHz<DV-<^n»*fltJ& 

-r^v-f ^Da[a)@a6a*<9 o omh zgjsia±i og 
^ifS*5t>^»:L^o h 1 o 2<tSffii 03 

(Dmm\t. :f:§i{gJ^©t?l*6 cmlClftSLTt>'5o CO 

[0 0 6 3] C(7><fc5(cA r :tfx-r?afi*4xtc:^5X^ 
I* 1 5^Pp1(D A r :f^XvSS*J6^o 

[00 6 4] — h 1 O 2;!)n^> a r 

X(C^i'|E]t-e2%(DNH3**:^^*;gB-Lr^A-r'&o C 
(DBS. «aaSrt(DIE*li 1 3. 3Pa dOOmTor 

r) SSlcSOo A r :tfX<hNH3:^'XA<;g^^+l/cS 

aBSBifi:^^Xv*-t?(±. 4=ra®fi«Slcfe^A r*<t 

[0 0 6 51 mm(Dmm(Diy^jz^>mitmi)<mf& 
ts*itzt z 5t?v-r ^ pjS/^r?— (D»A*jhit>:f^x^ 

[00 6 61 isi±a>sik§ifl^ia(cs!ixT. a«fl^ia. % 

A- / ^> 51 )S if ^ ^fig * -ti- ^ o 

[0 0 6 71 *||j!i6f^®T?li. 5vT;l^^-f >XP':; h 
7>7^:^*ffll>fc3^5X-7»S*fflt>TS<kiR*riiKL 

[00681 *^Q«CD v 'J a >^<b^f^^|Ctel>Xfi, 

[0 0 6 91 Si-HSe&. N-HjB^7!)<:*:^0^(OS1b 



»<*y. v'j3>/vy3>MibK»s*ttsat 2 

X 1 Ol0cm-2^ft<}ipit^*i-&o (A r*fcli 

Kr) .t N2/H2a);l^:^'X$flgffiLri>Ui3>^<bfg 

$j^ja-r^ii^icii*^*-;^(D5J^BE*o. 5%ia±^-r 

[0 0 7 01 ia7(i. ±^<D#Ill-ei^l5gLrci^U3>g 
1bKIlCDa:;3«c#tt*^.-ro fry£Lla7C7>|IK(C^SL^T 
A r/NH3<D5J^ffJtl*9 8/2lCtg:S**tTt5y. ^ 
ii^Pp1(i3 o^-c&^o 

[007 11 mi^^m-t^\^. M^biiojffisisgi*. 

H3 (*tcIiN2/H2) (C^^^x:^.;i.^-^ii'\bLfc 
*A<iS<?ti:^ct35)<*p*N-So M<bKJ^/a«!i*(Da^*>P> 
li. *'XlE:tlli6. 65-13. 3Pa (50^-100 
mTo r r) (7)®ffl*<»* LU^*^ fft(DilJifiJ^!St?i^^ 
^c*: 5 ic. K^b«t Mlb* 3i8S-r ^xg-t?(i^^b(rS L 

iJtJ^li 133Pa (ITorr) nm^Wi- LT 

fc-Sc i?&*'X4'<7)NH3 (*/cI*N2/H2) CO^^' 

ttlil -1 0%(DffiH/)<a<. *t>lC»*L<li2-6 

[0 0 7 21 *^j®fi^S(cj:y^t>nycv/y n^M^bK 
CDit^^^li7. 9T[?feofr*<. CtDffiliv'y 3>K<b 

[007 31 *IIJfiJ^Sl::<*:yi#t>tLfci>y3>S<bK 

OmUSmat^tt^iffJ^Lfct KIl75)<3. Onm 

(RS^S^S:^1bK 1 . 5nmlcffl^) cDir^lc. iv 

<7)SIEBl*nftrc*Jtxr . KS*< 1 . 5 n mCDSft^^bKcfe 

y 5 - 6 ffTja± t <stx y m/7St$tt*<^# i^^x^ z. t 

mLfz h5>^:>X^lzfctxrrp1Hi:3ji:on^^f»aHbH 

^ * ^ ^ c ^ A< pj^T- fc ^ c <»: *mi*-r * o 

[0 0 7 41 ±^Ltzmim(Of&m^1^. tecfctfl&tt 

saMSttii. (10 0) ®:&fi(DS/y=j>affi± 
liiFSS^ti-StOTMi^f < . (Ill) ffl^^t;fc^f4) 

[0 0 7 51 *§IJ6J^®!Cj:y»f,*X/i:»*Lt^ieS 

ii> mwmt<»^t^*ifzz tiz^^z ttzi-rt^m^-r^ 

SS<bKt?liS<bS*^^^y=i>/S<bK»ffit?a>x h 

isio**i. ^<z>te*i>yzi>M<bK*<7)@sms-\i>»® 

\z^m^iifzt(Dt^^h>ii^o 
[007 61 ^{z. ly^jziiymtmcDWi^tmmz. a 

®®Sl::*>l>T5 X 1 0l1Xcm2jaTa)A r ^tzltK 
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[007 7] *«M(Ds^bs*sia-r^f::«':)irii. ai 

66 -r 4 »J 0) :f Q -b X fflSS ^ fliffi L r t ;t»> * 

ffiigit. NH3 (*tzl*N2/H2:tfx) ^tttH-r 
«jgt*to2Kvvr7-:fu-HB:^5X^:^p-bx 

[0 0 7 8] *ll«6J^S-c?ffi3b*t^^<biIfecfct;^^bK 

[0 0 7 9] *-r. a^ss («tts^) ioii*jsms 

0A r A^f)K r I^'XlC^Ua^. ItllBiiaii^ 1 O 1 MCD 
133Pa (ITorr) SglcKS-T-So 

[0 0 8 0] @iiia)sa«isxst?«:7*vea.^A< 

v/'J 3 >S« 1 O 3 SSaiEffliSli 1 O 1 rtlc^AL. AO 

;SSS4 o o^ciriS^-r^o 
[008 1] ;:feU«JlEl^ttS;«'i 1 0St^i^3i>7J\^^ 

^>xav h^T>^i'^ oe\zm&&t<z. 4 5GHz 

0 7$^^Lrl9fB«ftSSl O 1l*3lc®Af -So 
Z<D^5izLXmt^mmm^ O M^iz^fALtzU^&O 

Kr:f3X'7{z. «JlEvU=i>s«i o 3a)a®s®-r 
[0 0B2] ^Xiz^ m^9lkmm.^ o irt<DEE:ti$i 3 3 

Pa (1 T o r r) ejSfr«l#tfc**. ->^r7 — 3^1/ 
— h 1 O 23!)^^>9 7/3CD5>ait(7>K r /'02;S^:tfX 
*^AL. fllBi>'J=3>S«1 0 3(DS®|CfiS3bM. 
5 n mCD V 'J =J ^KlbK^J^/fi-f -So 

[0 0 8 3] v-r^aftofitJ&^-^fpihL. O 

O 1 K r-C/<— ^>LfcS, V-V^— ^^Lx— h 1 O 2 
*>'^»ffiJt9 8/2<DK r/NH3;S^#X*aiAL. 
i&ii^l^Ott^^ 133Pa (ITorr) gjglcgft^ 
Ltz-^^. niSm&^t<2. 5 6GH zCDV-f ^QS^$ 

lagEffiaMi o M^\zn^&(Dy^x^i:±f& 

^bK*}^/a^^o 

[0 0 8 4] Brii(DKJi(Dv'';3>S^bK3t><}^fi£ 



* C 5 -e ^ ^ ^ P < '7 -(D^ A $ f9± L r ^5 

*-XlcS» LTlHbS<bxe*»7t-'5o 

[0 0 8 5] )^ji±(omtmitmmmzm^x . ^aj^ 

[0 0 8 6] CCD.i:dlcLTJ^iaLfcasy-hJfe^K 

tttat>*t-r, (1 oo) ai5in<7)irfl)ffi*fit<DvU3 

[0 0 8 7] iy^j^^mizmim^m 
mr^mm. mitmo>2mmmi:7^Ltzt<. smicjs 

jg/^SIbJg/K^bSi. ^^b^xS^b^/^^bil?^i:^(7>$ 
(m4a)|gS6}^S) y-hffi^Kic^f^XT^ffl 

i^tzi&i&(Dmsitm^^m l tz mmm® im^^-r ^ . 
[0 0 8 8] :^mi&mmx&ommimr^f&^mi\t. m 

[0 0 8 9] ^r. s^^s (5zis^) 1 0 1 rt^m^ 

(c}j^^L. •>^'7— h 1 O 2;bN^HJltE5ailSl o 
1 +IC A r ^'AS^A-r-So ^^j)i(C|tIfEffllS^ 1 O 1 it>(C 

^a>E.:hi: 133Pa (ITorr) fUtlClg^-r -So 

[0 0 9 0] *t>(cissj<7>saia3ixs-c*^-/ffi3fe,^A< 

^^'J:3>S«1 O 3^fraB5aii^1 O 1 *lc©AL. 1m 

^mm^m^fzum'^ ^ oAizmmr^o ^^^izumo 

SJSS:4 0 O^felcHSf -So 
[009 1] ^ir. f^ttSiS© 1 O 5*^t>^S?7^^^^ 
>Xa*v hT'^T^TM O 6(CSjKiI[A<2. 4 5GHz(D 

v-r^pas^i^PBm*SL. i»fB5vr;u5>r>AP'v 

hT>T-:M 0 6A^P>RS^*fi1 0 7SjiLr«lSMl 

0 1 rtlcmsv-f ^ D;:K*^A L. laSEffiSS 1 O 
izUS&<DKrZf^X^i±f&'r^o ZLa>J:5\zLXK 

r^A-cBifi**i/=::f5X^rr|iHE*>U3>S«i 03 

So 

[0 0 9 2] ^(r. flffijias^ 1 O 1 <os.:h^ 1 3 3 P 

a (ITorr) SJS(C|tJ#L, iaiE'>-V'7— h 

1 O 2)!)N»^5i'IEtt9 6. 5/3/0. 5(7)Kr/02/ 
NH3;gB-**A$SAL. ->y=i>a®(::3. 5nm<D 
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[0 0 9 41 lasiC^-rcfc^lC. ^7fe5^«flCcfc»'j;DSL 
;l&hb*<9 7/3/0-9 5/3/2(DffiHt?l*|ia&«J 

[0095] a9f*. 2:s>j-f:i->Ha5^^«r»-e»)SL 

c+iliK^<bK<DlKJl*<^lQ-?&*:>it-efi<f<. x 
[0 0 9 6] ^9$#RB-r^lc, I5ffi^^^bll*ird3lt 

^mm(D^mt. i>'ju>/v^i;zi>^^^bfli^®i:i> 

U 3 >^M1bKS®(r^^t^rigi.< . KMIbK^'Afi^-eii 
3S'>•r-S(;)*<*5*^-5o -cDKS<bE4'icgiy5^**ifcS 

[ O O 9 7 ] 13 1 O (i*IISgfi$®(c J: -SKM^bKO 'J — 

a>fc4^(c^>r^P«:^5Xv|Zcfc-5>K<bE}^fiK(7)MlcK 
r T/^Xv^oagtoS^^T^^f^bvo/rl^-IIIlOK^b 
M(DU-^aaE4$tti. Sftffi^blCcfcyj^fiR^^tfcK^bM 
CD »J — S3I«Ktt ti ^ L r l^ * o 

10 0 9 el m^ oi^mt^iz. k r^^X-^mmiz 

I*, l3t*a)^a-t?f^;S*+Ltc^^bEJ:y. f^-S^-eit 
KLfcy— :;m3Sta)fi*<2-4«Tta'>LT. fi^Ji® 

[0 0 9 9] 5fci::SiB^LfcE6 4'(Cli. w(7>J:3 

I:: L T J^ifi * *i/cKM^bK(D y ->> SSS^tt t KI1(DB§ 
^*<, ■ICcfey^*4^Tl^'5o 

[0 10 01 06$stf#P,^6rr. *|gJ6a>i^ffiic<i: 

XSr fl^dl * 4i/cK<bK it ll« y ^ S5il»$tt * « 
L. J»ICKI53&<»1. 6 nm(Z)a$(Cj3lxTt y — 
2Ea><l3!)<1 X 1 0-2A/cm2(cia?^^:l^Ci:A<t>3b^ 

[0101] *9gffiff^®|cj:-SffiM1bK-t?C±. 



Wtt<$i4. h^vy7W!±<f<i:(Diiaw*$tt. mm 
ttwi^ttt,. 5fea)lltef^Si</)K^bEfei±irg;Kfct,a) 
■eftofco *frvya>s«(7)ffi:&eic«^^ttst,a 

i^tL-r. -^yuXD (10 0) ©(D^/jr^-Ts ^'(T)®* 

[o 1 021 jiaufccfc^ic. a®«i3g7Km*»*Lr 

*^^>K r/02/NH3affiJt3^5X^(Cc): y v^y 3>K 
^IbXa^fT^C^tr*. 4 0 0** C<S:l^3^ftialCfcL^T 

[O 1 0 31 *l?J6cD}^SlC^3txrca)<fc5<f»*LL^ 
jaa35<!#e>*i^<Z)l*. »a7Kig»*ICcl:yKS^bK«a> 

{zsimjiT(r>mmt<^m^H^ c t (c tea LTl^^ t 
o <t # ^ ^ *i ^ o :^mmmmaymmitmx i± k r 
aiisiffifl^© 1 (Dmtmiztt^ffy 1/10 jut-c & y . 
K r(Ditt>^){zmmt<0^<'^mt*ixi^^o ■r3S*:>*»* 

l^tzi^. y =1 >KS^bK4'l::*Jl^r!Sl^$S^a>91^*< 
3^'>L. ^^cM^A<#^^tL-5C4t(Ccfcy. [lt|D-^s i 

mm'^^mmi^L<o^mfimmL. ^^xmmmitmo 

m%^^\±t<:k:t^iz?SLm^*ixl^^t^^i^*i^o «lc 

MfHK^iblI4^(D7k^;BS*<. S®Sit«^(-fcU^T1 
Ol2cm-2)a-F. M*L<Ii1 0 H c m-2|iJgJaT(ca 

^l^Lru^-5c^. fc<fci/(S4>(ci>y zi>&-si\iiKig(D 

aiimTiSS(7)^^S^t;il <t;b<. i> y a >^M^bK(7> 

[0 10 4] :^mmmmx\t. mmommcoiy^j 

H3;g^#X$A r :tfX(CS«LTKS<bXS$»^T 

3 3 P a ( 1 T o r r ) m&{Z%mLtz^^. |SliBi>-\' 
9 — K 1 O 2A^e)^alt9 8/2<DK r/NH3 
;l^:tfX^^AL. i^y =i >^^^biic7)a®lc$?jo . 7 

. nm(Di>y ^>g^b|g$^^^^LT;i)^^®g^bxs^^l7 
LTtcfci^o c(Z)^;i(r,fc*ii*vy a^K^^bKos® 
lzvy=i>S<bK*<J^fiR**i. cfcySRS*<i:«»K*< 

^^ssff^tt^ t ov y z} >mmzns»m^jii^'j a >k 
^bK^j^iSLfc. :$^mmo^5<Dmm<D1^B{z^^^f^m 

[01051 Si 1 (a) lii^^p— hu>^r-r vu . 

[0 1061011 {a) ^^m-r^iz^ m7^(Di^-»^a 
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— h U>^r-f V U— V 3 >l*i> U 3 1 O O 3 S 

*Hfci^'Jl3>Klb^1 0 0 2|Zcfcy?fe«L. ^i^l-. 

IJaH V 'J 3 >KHbK 1 o o 2 $ cyclic M pgtfe <tf ic J; 

[0 1 O 7] :$:||Jg(7>J^©-eii. CM P;iic,fc ^fjgHv 

8 0 0-900* C(Dffi^b1±a)IIHaic®-rct(rj:y 
a*feK^k*^Tlv «ittK4bicj:yj^ia**t/=^^yi3>K 

tmmco^mv. k r :^5XT(rj:yaffi»ffl*ms» 

^<;)^K r/02*'X«»ALTvU=i>K<bK 
[0 10 8] *||J6cDmSlCcfc*tli. mil (c) IC^ 

y3>K^bflI^Z)Kll(D«^J^/»<±l:^CI^:li/d:L^o ccOK 
r l^fz :f3 x-7K<baic y * Hfc > 

y =l>^1b^a>QBD (Charge to Brea 
kdown) n\t\t. liAfl?Sg1 02 

C/cm2T?%,iJ-'^7||5it±»;!)<fi^-r. 'r^UT.Om 

[0 10 9] MSBvy 3>K1bK*«t3fecDI*K^b;ilc<fc 
oTf^fieU^riS#(wli. 011 (b) ic^f J:5rc, 
AT h >^T>r V U— V 3 XDt^— /<ftA<:*:# < /cf 

(D5IIKib/»<aL<<i:*A<. *«B-«a>:^^Xvffi1b(c«fc+t 

V u- V 3 >ftss-c?cD V y =3 ^mtmommititiQ c ^ 

ftl^o ^c-c*:|IJg<5ijT?liv-t'P— hU^^T-r vu— 

(DttfBT?!*. ail (b) ics^Lfc hur/^fl»t?a)j» 

*ttf. 9 0S<0ftjSS«5ci:*<pr^-efc-5o 
[0 110101 2ii. ^/y =3:/Sfi*3K)9 ofiicx^v 

[O 1 1 1 1 0 1 a^^gB-r-Slr. <i:a)®Ji(ctl^-^i: 

KflcD V y 3 >KlbK*<J^iar* # r i> -6 c ^ *<JitST* ^ 

[0 1121 wa)<fcaicLrff^«*^ifcK^bE-eriy- 
^m3i^HE<f^a)Smwf#i4i*a»-r?fey. ^;toT* 
«§3(Cc*: y ja$i«5g)S<t-(D«a(Dffi:^a*tov^y 3 > 



S-t?o^1bilfc^cfet/^<bK. fe'^)l^liK^^bKa)}^/a^ft 

ffi* ffiffl L fz:$inm<om e cdhissoj^sic ^ -5 ^ *v 
i>^y*^^roL^rl»B^-r^• 3SfceiTa)iftMT?ii. 
7?^-/v^zL^^y^^i&-«ijt LTsa^-r-SA^ *«w 

[0113101 31*. *IIJ6a)}f^®|Cj:-&375-V 

>^y^^a)®BS©r®ffijg0$^-ro 
[0114101 3*#^.-r fJfB:7^*vva.y^ 
yiB^ri^>yzi>s«i 2 0 i±(cfl^«*ixrfcy. m 
gB^xyzi>s«i 20 i±(c}^;a*tifc h>:^;u^<bK 
1 202^. MaH h >:^y^^^bK 1 2 o 2±icff^fiK^*i 

f=3? p-^ -< >-5^y— hmffiirJi-sm 1 ot^ig^vy =1 
>y-Kaffii 2 0 3^. iiiiB*jss->y =i>y— hs 
m 2 0 3±\zm^xmmts^fz^y'Jz}tymtm^ 204 

fc<*:tf:i>y nV^^bKl 2 05^. fllBe^y 3>M<bK 

1 2 0 5Jtfc}i^ias=*izi>hP— ;uy— hsffi$««-r 
^^2cD^je^i>y zixf-hmm 2 0 6<t*^btafiE 
s^tri^-So *fc0i34>> V— x^JiK. Ku>r>ii 

LTtBmLrU^-5o IfrtBv'y 3>»1bRl 202I±S1 

(Dmmii^mvmB^ Ltzz^ y 3 >KibBifl^;«*;*(c«fc y . 

*yc. -^y =l>K1bKl 2 O 4*$<fct/^^bKl 2 O 5(D 

SB«iti*, IIJfifl^®3-eittB-«Ltci^y=i>s<bJe(Dfl^ 
/S:&;i(c«^yf^fi£^^„ 

[01151014-01 7l**||*feff$S<D7^*>i>J. 

^ ^ y mTosmyj-^^s^mmzmm-r^tztbomKm 

[0116101 4$#^^^|C. i>y=l>Sffi1 30 

i-hicii:7^— ;u KK^blii 3 o 2(Ccfcy 
iEfflh^>v?x^$ugtc7b<ii/a^tirfc^y. strgB^iSA 

-CO&^lCteLN-ClillBvy a>Sffi3 O 1 (DSSlCv 

y3>K<bKi 3 o 33&<ff$fie**iri^^o SfrtB':7-<— ;u 

KK^blil 3 0 2lia«^K<b;* (LOCOSji) •^v'-V 

[0 1171 *l?^fi^^®(C*^l^TI*. a@j$«7Kig{» 
^IbHRl/MlbKff^figOfc^rxcK r ^3f^XTSft® 

[0 1181 ^(c0i 5<7)xSir*5Lxr. -?<^y-tr;ufi 
«A3^)^^>I^JfBvy3>K^bK1 3 0 3$P»*L. 
K.%5*r::cfcy v.ynvaffiS^^KiS-r-So *^l::5fea) 
II«6(Z>J^©1 i:ig«lcLT, h >:^;^K^bK 1 3 O 4 S 

[0 1 191 -rJtf*^^. 5fca)|g«fe}^® 1 ffllB 
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^10 1 *|Cv-^;''7— h 1 O 2*^iS> A r 

1 O 1 *a)ff 1 T o r r SSCCffi^-T^o 
[0 12 0] fHHvU3>M^bKl 3 0 3^»* 

30 1*. iai(Dvu=i>s«i 0 3<t LritrSEftias 
s-r^o *^i::a«(Dsa*4oo^c(cifts-r^o 

[0 12 11 *&lr«FfiHHttS»Wl 0 5*^e>^i^T^U 

3-0:^0*^ ^T:y7'i-^ 0 eizm^SLt<2. 45Gh 

«i o7*ffiLTsasHas^i o ii?qicsA-r^o 
i>u=i>sffii 3 o 1 (7)^®$. c<7><fc5rcLrfJiH«a 
3®^i o 1 ^icj^ja^^x^sssK r zf'yx^izmm-r 

^cirlCcfcy^ t5IBS«1 3 0 l(Dv'»J=i>a®A^&^ 
[0 12 2] ^XiZ, mzmt^i^'\r'^ — :fly-' H O 23!)n 
^-;i/$feg^^<t?^cC'5^^'J=l>^1b^1 3 0 4$. 3. 5n 

mcom^izmf&L. mi^x^ ^ cD^issi>';a>/i i 3 

05*. B5SHvU=i>K<bKi 3 0 4$a3cfcdlcJftfg 

[0 12 31 ^Xiz. umEE.m:SiXfi&mE,m h^^e^x^ 
j^«fi«B. cictel^rH^8Bm1<D^ieavu=l>g1 
3 0 5/<^-ii></(r^yK^*u, >^»J-b^u«iaAa> 
h>4^yuK<bKi 3 0 4±(ro^. mi (Di^lBas^y =1 
>A^ — > 1 3 o s^SI-To 

[0 1 2 41 C(DX*v^>^^. xSfe^S^flV S^SSaS/ 

3 0 5(0S®li7kmiSdg**i-So 

[0 12 51 mzm 1 6<DX|Sl::*5L>r. 5tt7)m3(D|g 
Ji6f^Stl^«|cLr. Tfi»K<bKl 30 6A&l/JiaJM 
4bE 1 3 O 6 B<DO N«it*:&-rSlfe«IS 1 3 O 6 
B9fH^feSv»J=J>/<^->1 3 0 5<DSffi*«a<*:5 

[0 12 61 CCDONKI*. :*a>cfc^lCLTJ^fit^*o 

[0 12 71 ssss mmm) i o i t^sm^ir^m 

V-Vr? — :^Lx— h 1 O 27^)^b^A^4^Tl^/■cA r 

r ^'xic^g^TSAL. «aSMF^a>a:^$ 1 3 

3 P a ( 1 T o r r ) mmiZSt^^^o KtIE** 
*?ig**ttc^eav'; =J -> 1 3 O 5 $:&f -5)^^ 

•J 3 >s« 13 0 1 *«9iE«fta^ 1 0 1 rtusA L. m 

S*4 O O^CICffiS-r^o 

[01281 l^ttg^g 1 o 5 *^ ^SSeSt*< 2 . 

4 5GH z<D-7>f ^□aR^iags^ixryL'^-oxp y h 

0 6lcl»rai$i:flW&L. fi5ffiv-f<?aa* 
flfiH^ixTiU^-OXP-y hT>7':M O 6*>^mlHH^ 
Si*«1 0 7i&^t-LT|iIIBfflvaSl 0 IrtlcSAL. S 



v';=3>y<^ — >1 3 OSOmmtK r :tfX(wKS* 

[01291 5^IC|5gH5ft31^ 1 O 1 F^CDa^ $ 1 3 3 P 
a (1 To r r) SS(C$tl# L^z**. «JIEi>-V'7-::f 

H O 2*>P>fl8BffliaSl O 1 rtiCK r/02S$ 
^•XSSAL. ^ieav/y=l>affi(C3 nm<Di^U=l> 

K^bM^j^ia^^o 

[0 13 0l::^ic. -^^r^^aaScDfitiS^-^f^jLLtc 
a. Kr^X. 02#X<7)^A*f?JhL. SSg^S (ffl 
S^) 1 O 1 I^SS^^LTA^b. v-vO — h 1 0 
2j6^t>K r *'X*5<fci;NH3**X*®A-r^o l9SB«a31 
SI O 1 J*3a>E*$ 1 3. 3Pa (lOOmTorr) 

m&izm^L. nifz^ 45GHza)'7>r^pa*fflfB 
«ftSSi o 1 P^(ci5iB^ vt;u^^>xp'v 

LT, ^^U=>>^1bKa®lc6 nma>v«J=i>S^bK* 

[0 13 11 ;itDJ;5(CLrONK* 9 nmJ^fiKL/ci: 

[0 13 21 :i<D^oizLXmUONm^nmLtz^. 

m^ 7(Dxalc*5l^rss^^ffl^ttfffiaJEffl h^>-:^x 
^tiJ^B, c{zt^i^i&mm^ 3oe^j<^—=^xf\zji 

B. c±ira(fiaBE*iffl!ffl<D>r:^>aASff5o *t>(r 

BfrtBMlitB. CJl(Cff^/a*4xfz^^bl^1 3 0 3^?^^ 
L. iafBfi«B|C(±^*-hK1bii1 3 0 7$5nm(DJl 

tsizmmL. ^(D». mKmmc{zv-hmit^sL^ 30 

8$ 3 nma)ll*lCff^ia-r-5o 

[ o 1 3 3 1 ^(D^. :7 ^ — 7U K^ib^ 1 3 0 2 
■r -s^^wigjtcim 2 o^jga V y 3 >b 1 3 o 9 jti/ 
i/y-9->r KHi 3 1 o*«i*icf^rtL. *i=>iciafBm2 
cD^^ea^y =i>B 1 3 o 9st/v/yif-f kbi 3 1 o 

*/<^-->^LrBiIIBSSEEffl h^>vX^««B*5 
J:t;«Sffffl h^>S>X5i««C(r>f-h®«1 3 1 1 
B*>J:t/1 3 1 1 C^^^^ilJ^m^^o *^lCfJIB> 
^y-ti;U««AlC*H£LTy— h^«1 3 1 lA^j^iS 

[o 1 3 41 01 7<Dxga)». e^»&4iS{*xa(:: 
rate^K*5«i;l/=i>^^ h/1-.-;KD}^ia^iB«/^^~> 

[0 13 51 ^tt^(D^»Kl 3 O 6 A. 

1 3 06Bii. ^(ommi:U^(r>mtm'(>mitm(om^^ 
c*tbcor>y a^ffiibKi 3 o 6 A&tfS/y =i>s 
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mitm^ 3p6A^^r;v»j=3>^^bEi 30 6Bi*(ss 

[0 13 6] :*:«^(D:75'V->^>^Um^li, IS^CD 

[O 1 3 71 *^B^lCcfe^7^»vi>i>^'J^^(iB5fE 
$6^Hi 3 0 6A. 1 soeBi^StLfcKa^^-r-Sc: 

[0 13 8] JSfc. *6^Ki 3 o 6<Z)K«nEi*±8BON 
«it(cKofct<D-eft<. Il«fe}^®i <tl^»<7>K^bK*^ 

^3{f^O«it. IIJg}^S2i:P)^(0^<blI;!)N^?^ci:'5Nt8 

l^o B9IB$fe^Kl 3 0 6l±. Mlbflg^Jcfcl/K^bBI 

SHL/cONo«ig.^ibii. ^^b§i. ^itm. Skim 

*IIl^^aSLfrNONO«ig<f.t*-C?feort,c*:l>o fiffi 

m»m 1 3 0 6 <t LT l^■r*i<z>«ig*is.s;/)^^*. ® iaiei 

hK<bK<tOS^ttA>^fflplSBtt<f<i:S#®Lr. 

(m7<7)S?J6f^®) 01CD»a$ffll^fr. Kr/02V 
>f ^ p jftEifiSffiS ir cfc ^ y — h SlbKO) 

H2) v-f ^PXHijEBffijaz^^XvjCcfc-S^— hSIb 
• $1 (^HSfiSO I ) ^JL^\±a>^^m» 

a>mmt<mi^^±^s,imv^i^o s o i «i§ic^5i^ 
T. :$:mM\z^^i&m^m»^(D$hS:t<mmv&^a 

[O 1 3 9] @1 81^. ^BSIESO I^ig^^f 

OS h^>s;x^a>Br®0*jF-ro 

[O 1 4 01 01 8*#BB-r'5l::. 170 1(i. n+M 
fe^lM*p+S?<D«»tSi|i®«:H. 1 7 021*. NiS 
i 3^ir<Dv'J-9->r KH. 1 703r*. TaN. T i Nft 

t*o>mm\±^imm. ^ 7 oAitcu^ay^mm. 17 

OSIiTaN. T \ NU^a)m^iiW.it^m. 17 06 
l*n+l?fc-6lMip+l*<Z)«»trt#S<*J8, 1 7 071*. 
A I S i 3N4^(D^1b1^$fe^K. 1 7 O 8I*S i O 
1 7 O 9 li. S i O2B. BPS GB. ti L < 1*^ 



*ib*ja-5^^*:>i*fc$6^EB. 1 7 1 Olin^-S! KU-< 

1 7 1 Hi. n+SiV— X«ig6. 1 7 1 21* p + 
SKU>r>«a. 1 7 1 31*. p+SV-X««. 1 7 
14. 1 7 1 5I*< 1 1 1 >:frrSllcE[S]Lfci>U=i># 
#(*B. 1 7 1 6l**«^(7)||Sfe}^S 1 CD^miCc*: y K 

2v-<^paiaifiaa8fi3f5XvT-}^«**tfcs \ o 

2K. 17 1 7fcc>:t;i 7 181*. ^*t^tlT a. T 
i, TaN/Ta. T i N/T i ^1?fl^fie*tt-& n MO 

s h5>e?x$rfc<i:i;pMos H^>*:;x^a>y— hs 

1 7 1 9fin MOS h^>v^X5'<7>V— XStsi. 1 
7 2 OI*nMOS h 5 >ixX^ p MO S h5>vX 

Ku-f ^mffi-efc-So 1 7 2 1 lipMOs h^>s> 
x5»ov— xsffi-efcSo 1 7 2 2i±Sffia®sffi"r?fc 

[0 1 4 1 1 C:a)<fc5<f T a N'\?>T I N-C«ffi*>tyc, 

CuH*^t;S«-eii. CuOVkWi^Wis^^fzibiz. 

f»«aSiSSl*. $^7 0 0"* Ci^JlTT*felt*t(^;^a:i^3^a:l>o 
n +Sj ft IM* p V— :^ fc-S l^I* K U-f >«i«li. 
As+ A s F2'*-*^tM*B F2+a)^:i->liAft. 5 5 

o' c(Dmmmx*j[m^^o 

[O 1 4 2] ai 8CD7^/WXffiit^^t"'5^Si*gS 

^c*>l^r. ^-h-i&mmizf^mm^mi^tzm^t. k 
c*: y mmLtzm-^izitv-yx u v a K*#t±ici*+ 

m^r^f3iLfzm^lz{t'*±zf:x^ \^ -J 3 -;u K«ttl*ffitf) 

[0 14 3] *fc. 

'^mt\z^^')^'-h^um^^m^^c.tx. ^^m^ 
i^mmm^(omt^^^&tmm\zmt^-{z^o zit 

[0 14 4] ^fr. m2a)||)5Sff^®<D#BllCj;y. Ar 
fSlcfigfflL /biggie l^«lcS»F^d:S^d«)t$11. SSl^ 

{iSli^^oyc^JBSffiso I m«ip]»£^B$lfi£^^ 

[0 1 4 5] *||JgJ^Sirj3lxTt. vUP^S^bEO) 
15**3 nm (i/';3>^<bKIlKil*tft§^1 . 5n 
m) ^tLTtia^J^fSmd^^SttS^-SC^/j^-C^. 3n 

2 e±if -5 c t *<-c? *fco 



(16) 



*#ga 2002-2 6. 109 1 



[0 146] 01 9S#fig-r ^IC. SffiSS (fil^S) 

1 8 o 7i^*3ia«jsicL. :'X{zmmmm^ soiif^ 

Iwiftltbit/cv-V'?— h 1 8 O 1 ;t)>^K r /02 
;*1^^*;^$^AU. *t>(C|IIfiBftl31Ml 8 O 7rt*:r-v? 

,H7K>::^i 8 0 2(c<fcorS^«-r^ctizj:y. «rEffl 

1 8 0 7 ^133Pa (ITorr) iZtSC 

ffi-r^o *t>lC*-^XSffi1 8 0 3*. 
K«^1 804(ca*. #^XS«(DSS*3 0 0' C 

[0147] mtmmm ^ eoi \z\t§^SL<D:^mm&'& 
1 8 0 5*<i6rte,*ir*>y. ^xizmt^^sicoy^mm&m 

-1 8O5(D#>570)Xy *V hffl*>e>. SSS<*«1 806* 

^Lxmtmmmm^ a o i p^iz-^^ ^ a:^^mxL. 
mt^mmm ^ s o 7^{zn^m.o:f^x^^±fS.-r^o 
t(om. ^^&mmm^ aoi^izwf^iitziy^rr^—zf 
u-h 1 8 o 1 \tm)&^t>^h>m:m^h.tz^^<?n7&^^ 

To 

[0 14 8] 132 01*. m^ 9(D3Sasffi^Lr**0^ 

<D*eavUiJ>»KK^>e?X^i (TFT) ^mj&L 

[0 14 9] *-r. vU=i>K1bK*fl^iaLfllfflLfc<59 

[O 1 5 O] I2!2 o*#RB-r^lc. 190 1li:^*5X^ 
ffi. 1 9 O 2liS i 3N4^. 1 9 O 3(i (1 1 1) ®(C 

905, 1 9 06l*'t*t-ftt3^lBav'yaXPnMOS 
<DV— X^igl. KU>r>fi«. 1 9 041* (1 1 1) ® 

Lfc^eSi^'J =3 > P MO S(0^A'^-7UH. 
1 90 7, 1 908tt-t4l-?tt3^eai>y zil/pMOS 

a>v-x^iigi, Ku>r ^fiiit-e&'&o i 9 i oi±i^*ga 

vUziVnMOSOy— hSffi, 1 9 1 1 li^JSai>»; 
=l>pMOS(Dy— hSffi. 1 9 1 2 lis i 02. BS 
G. B P S GSfa>J6»E. 19 13, 19 14f*^«a 

vUziVnMOScDv— ((^fipic^jeai>y =J> 

p-MOS(DKU<>Sa) . 1 9 1 5li^ieaS^'j3 

>p-Mos<Dv— xas-efc-So 
[0 15 1] ^^s±icf^fie**i^^«a^>';=i>ii$& 
8Klc«LTSiS*lfilir (111) my3&i^<t^t)< 

:fimmuwtt!\t. 1 9 o 9 1*19 1 9 om&^^m l 

:^«^«<7)vUa>ffi<bE/ir*fcy, (ill) 



fc^teavg=j>±|C4 0 0* C-ell*3 nm-CJ^fiRL 
[0 15 2] :»:|IS6J^©lc<|:4x(i, h^>i>X$PBl<3Dfft 

mmim^riz^iK 400^ cT?mm&<);'Stt^bLT 
jf^jSLyco ca)Sm. ±xs*4 0o*' cjaTa)SS-e 

Z(r>h^l^i>:^^(D^mmt. m^T?$^3 O O cm2/ 
V s e c JU±. iEfl.t?$?l 15 0c m2/ V sec JU±, 

v-x, Ku>r>iBffi&t/y— KHttlil 2 visi±ifeo 

y--o ^-^T^-^Ufil . 5-2. O nm^JSO h5>i^X5» 

a)»ffi2jHi«14 1 fi»-c? fc o o 
[o 1 5 3] *||)56J^©<D h^>i?x^*fl6ffl-r^c^ 

[0 15 4] *:|ISgJ^^l***B^(D>!r- KK^bBi^tcIi 

>»Rh^>^:^X^ (TFT) , i^iZX^:h^-m(DMm 

h^ryvx^i (TFT) cD^*~ h^^blg*/cl±y- 

imiztmrnizmmv^^o 
(mQommmm) wz. ^HH*«-r^so im^, 
^^avya>m^. r^;u^TXi>y=i>3e^saH 

[o 1 5 5] 132 1 l*:«:%B^a)3;:^5cLS i (D^m^& 

[O 1 5 6] 02 1 |Cfcl>r, 2 O O 1 (*IS 1 CDS O I 

RxsmtSim. 200 2itm2(Dso } RU^mm. 20 

0 3l*Sl(7)*ieS'>'J=i>9fe^:Rt/iB*iH. 20 0 4 

\tm2(D^m^i^*)zi:ym^Rif^^m. 20051*7 

[0 15 7] fifHmi oso I Rismmmzo 0 1 , t> 
J: i/fiism 2 (7) s o I jsiif^mm 2 o o 2 ici*, msj^ 

[0 15 8] SfflB5Rl<D§^jea^^y=i>3R^B:t/ffiS»B 
2003irf*, 9c(Dmmmme. evmmLfz^fiS^i^ 

[0 15 9] -*fjfBm2<D^iBa^^y 3>m^j^tfffi 
SB 2 o o 4 {z\m^i^mmmm a vmm ufc^ea v y 



(17) 



^gaz 00 2-261091 



3> ^^>•:?:^^»$fflL^-cT>::'', AD^lftSJtfirroat 

^Xt/afi6««*^Rt/K«S 2 O O 5 iri*3fe-b>-9-. 

[o 1 6 01 mfR7=^juy7^¥^m»m=f-s.ifmti^*tm 

(D^iBS V 'J 3 >ig-=FRi;E«B 2 0 0 4 ICSI+ e,+Lfc 

'J a >m^».lSRmfS 2 0 0 3 fc*L^(*IIIB 
» 2 (D g^^eS «> «J 3 VIR^a l/««H 2004l=tftlte. 

*if= itsea V 'J 3 > K 7 > v;^ ^» , 7 ^ s^i j» ^ 'J £ 

#»/)<+L, $ f>l=8iJIBS 1 <DS O I ai/iBtaB 2 0 0 1 
j&^lM*Si}fBIK20>SO I&tXS^B2 0O2l=Klt& 

[0161] laiEm 1 <r>^umiy<j =1 >m^&t; 
iBisii 2 0 0 3 izs^i-f^Htzmmya v o u e— s» sp 

[0 16 21 Lfc3?R5cL S I *<f^japl6E(=JSofc 
[0 16 31 

4 0 0''CS]gJUT(OeST?t^±(=SS»l4g7k^i& 
u^-f=j XvxaT?«K Lfc V 'J 3 >K1tK J: y S4tfc 
a >K^1bK^$«J5 o otSSJaToeST?*. 

[0 16 41 *f|B^(=*4xli, VA'P— hU>?^ 

©fcsssj^ttS to V y 3 >sffii= t 'J — 9 

'j3>S1bE. v'Ja>ffilHbS*©«-r€)C:i:A<pIg6 

tt:M«igSJ#oaSS'Sm^SS1b*<^6tt)Sofc. 
[O 1 6 51 :*:»M<0'!r- Hfe^K*filffl-ri> 

[O 1 6 61 *t>l=, *f6B^I=J:*tli, $6^K±l=}K<a 
**vS±tLr (111) ®irffil»J-r€.^ieSv'ya> 



1= tSo'&S^f V y a KK^bK, •> y a >y- 
<bE$©fig-rsctA<Rlffii>sy. BEiSS6**%-r-& 

i=i±h5:^-:?x^. at6m^*^a©|gLf=3?te7c^s 

lHl»m^$SIS-r-Swi:*<-e^-5J:5l='&:.y, •eofitflf 
[0S(O@m«:ttW] 

[011 5 vrvu^'T^xp-y 

[02] 9ti^^j<£S-eaii%Ly=i'ya>ssi^as7Km^ 
'>y a xoie^oDK r ::f5X7SS«c»tt**-r«fttia . 

[@3i *>yavttfbii@(o«ass#;:^a£A«K#tt$^ 

[041 vya>KibK*o!>K rffisa)as*:&Rj»** 

[051 i/ y a >K<bK(©S3ftaE4*tt**^1#tt0T? . 

[0 6] ^^'J=i>ffi^bK*5c*:l/i>'Ja>KS<bK(D'J- 
[0 7] i^'j3>S<bKll<Z>«Ba^i^*-XJE:ti«c»tt* 

[091 ^>»j3>e^ibKa)5cm5i^flj*^^!H^tt0-cfe 
[010] i/«J=i>»S^bK(DS3tSai»tt*5^-r**tt 

0"Cfe^o 

[01 1] '>vp— hu>5^r-f vu— va>a)o ffi^ 
a«i»r@0-efe^o 

[012] [adba)fe^v^';a>s®(rj^figLfcjin*Mh 

[013] 7^*:/v^i>^U^^a)©rS«i§cD«lBS0-C 

[014] :*:ftB^(D7^ y v'a.y^ym-T-cOl^fiesaE* 
KPS6<)lc§%^-r ^fitB8eraffii§0 -t? & -& . 

[01 5] *:f6M©:'5">/5/iJ'^y3R^(D»fie*afe* 

[016] :$i^BMa>y3 y'>^^=e>Jm^<r>miA^^i 
Kl@6()i=g%^t- ^fliBi»isma30 -e & ^ o 

[01 7] *f6IS«)75-vi'a.>^yffe^a)JBfiK*9fc* 
[018] ^BSffiSO I±ICf^S**lfcMOS h3> 

[01 91 *"7XS«\>:^^::^5^-y^Sffi&i:*l=38(B* 
[02 Ol i6gKtt<D^ieSv'ya>h5>vX^iO»r 
[02 1] 3^7cLS I<DBrSflliSa>fl(^0-e&«. 

[«^©i»wl 
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1 o 1 sass 

1 0 2 S/A-r?— h 

103 v'Ja^Ox— /\ 

104 *DSft«tffl^l#OK«S 

1 O 5 i^tt^ag 

1 0 6 5^:>t;u^-<>xp»:/ hT>7":^ 
107 >r>r ^naSSAS 
100 1 y-h$6glS 
1 0 0 2 V 'J 3 >K^bK 
1 00 3 *>U3>S« 

1 004 «t*(DvVP— hU>^T^ VU— S/3:/(D 
ft© 

100 5 **B^(Dv-\'a— hU>^T>f V U— i/3> 

12 0 1 V U =1 >S« 

1 2 0 2 h >:^J^K^bfB 

1 2 0 3 3^iea-> u 3 i/v— KSffi 

1 2 04 ->';3>^ib§l 

1 205 v^'Jzi>K^bK 

1 206 m2§;3Bavijzi>y— hs« 

13 0 1 i> U =1 

1 302 KK^bS 
1 3 0 3 'J =1 >^<bK 
1 3 04 i^<;3>K1bK 

1 305 ^3Bav»j3>S« 
13 0 6 ONH 

1 307 Sx«j3>K<bK 
1 308 v^i;=i>KibK 

1 3 09 ^ssv';=i>ss 
13 10 Ksa 
1 3 1 1 A :7^*>i/ipt^u-b^u 
131 IB asffffl h^>v::^^m« 

1 3 1 1 C ffi^affl h^>ixX5»||S 
17 0 1 n+Sj. p+S«»ta*«tt: 
1 7 02 v/iJ-t^^K^ 
1 7 0 3 SSttS^bJfeB 

1 7 0 4 

1 7 0 5 ^mtt^^bl^® 

1 7 0 6 n+li. p+?EI«»tait^S»:S 

1 7 0 7 S^bl^lg^ii 

1 7 0 8 Si 02K 

1 7 09 S i 02E, BPSGt L<li-t*i^>$ffl^ 



17 10 n+S KU-OSigt 

17 11 n+S!V-Xfi« 

17 12 p+^KU^ V«« 

17 13 p-^SiV— Xfii* 

17 14. 1315 (1 1 1) SlcS|SlLfzvU3> 

17 16 Si 02K 

1717. 1318 nMOS>f— hS1$)Sbl/l::. p 

MOS<Dy— ha« 

17 19 nMOS V— 

1 720 nMOS&t/pMOSO) KU>r>^fi 

17 2 1 MOSCDV— XSli 

17 2 2 

18 0 1 — h 
1 80 2 :r^v,«/-K>^ 

1 8 0 3 *'^XSffi 

1 8 O 4 *Plft«ffi* }toS*4^ 

1 8 0 5 

1 8 0 6 -r-f ^P»!#AS 

18 0 7 E^SS 

19 0 1 :^'^xSffi 

1 9 0 2 Si 02il 

1 9 03 ^eSvU 3>nMOS<D^A'^-^Hg 

1 9 0 4 ^SSv'; =i>pMOS(D^-v:^;ni 

1 9 0 5 ^iBSi^U =l>n MOS(7>V— Xlia 

1 9 06 ^JBSv/U a>nMOSa> KU'T 

1 9 07 ^Jlg^i>g 3>pMOS(DV — X$iia 

1 90 8 §^ieavU3>pMOSCDV-X^ia 

1 9 0 9 Si 02lSi8 

19 10 §teaS/';=l>nMOS<Dy— KB« 

19 11 ^teav';3>pMos(Dy— h^ffi 

1912 Si02. BPSG. BPS G^(Z>$fe^E 

19 13 ^eSvU 3>nMOSa)V— XSa 

19 14 g^3BSv/';=l>nMOS(7> KL/>r>Sffi 

19 15 ^ssvu =i>pMosa>v— xm« 

200 1 IBia>so i&t^gBlSB 

2002 m2(DSO 1 5^r/ffiSB 

2 0 0 3 ^1 (D^$g^i> 3 >m^&i;ffi«B 

2 O O 4 % 2 <D^3teSi> 'J 3 >m^&t/ffi«H 

200 5 7^;u:?rX^««:9ftTXi;afi6««IR^:R 
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(51) Int. CI. 7 
HO 1 L 



27/088 

21/8247 

27/115 

29/78 

29/788 



F I 

H O 1 L 27/10 
29/78 



(##) 
434 5F110 
301G 5F140 
3 7 1 
6 17V 
6 1 8 A 



(25) 



«#Ba 2002-261091 



29/792 
29/786 
21/336 



(72)«B§s a# mm 



F^-A(#%) 



5F032 AA34 AA44 

DA53 
5F048 AA05 AA07 

BB11 BB16 
5F058 BA11 BA20 

B004 BD10 

BF73 BRA 
5F083 EP02 EP23 

EP57 GA06 

PR21 PR43 

ZA08 
5F101 BA29 BA36 

BH21 

5F110 AA01 AA06 
BB09 BB11 
DD02 DD05 
FF02 FF03 
FF30 FF35 
GG17 GG28 
NN22 NN23 

5F140 AA19 AA24 
BD07 BD09 
BE02 BE06 



AA45 DA04 DA33 

AB01 A001 BA01 
BB17 B612 
BC02 BC08 BC11 
BE03 BE10 BF72 
BJ06 

EP54 EP55 EP56 
GA21 6A29 JA04 
PR53 ZA05 ZA07 

BB05 BH02 BH05 

AA15 BBOi BB08 
CC02 CC07 DDOl 
DDI 3 DD14 EE09 
FF09 FF22 FF26 
6G02 G613 GG15 
HJ13 HJ23 NN02 
NN26 NN65 QQD9 
BAOl BDOl BD05 
BD10 BD17 BEOt 
BE07 BE08 



